How Often Did We Find Organic Waste Compounds?
All of the 196 samples collected contained at least one OWC, with as many as 41 different compounds detected in a single sample. Of the 69 compounds analyzed, 64 were detected at least once. The lowest detection rates were in baseflow samples, with a median of 12 compounds detected per sample. Stormflow, pore-water, and sediment samples had roughly twice as many detections.
The compound classes with the highest detection rates were polycyclic aromatic hydrocarbons (PAHs), insecticides, herbicides, and dyes/pigments. PAHs were the most frequently detected class overall, occurring in 100 percent of the stormflow, pore-water, and sediment samples, and in 80 percent of the base-flow samples. Detection frequencies for all classes are shown in figure 2.
What Are Organic Waste Compounds (OWCs)?
OWCs are ingredients and by-products of common agricultural, industrial, and household substances. For this study, 69 individual compounds were aggregated into 15 classes:
• OWCs enter the environment in many ways, including runoff from urban and agricultural areas, industrial discharges into the air or water, leaching into the groundwater from unlined landfills, discharges from wastewatertreatment plants, combined sewer overflows, leaking septic systems, and leaking municipal sanitary and storm sewer systems.
Many of these compounds are toxic at elevated concentrations and (or) are known to have endocrine-disrupting potential. Even low concentrations can impact aquatic organisms because exposure is often chronic, spanning entire life cycles and multiple generations. Furthermore, OWCs often occur as mixtures of multiple compounds, which can strengthen their effects. More than 41,000
How Much Did We Find?
The OWC classes with the highest concentrations were PAHs and herbicides. Maximum concentration values for each class can be seen below in figure 2.
Concentrations of most compounds were higher in stormflow and pore-water samples than in base-flow samples; this was especially true of PAHs, dyes/pigments, and solvents. Stormflow sample concentrations were higher than base-flow concentrations by a factor of 2 or more for 23 compounds and by a factor of 10 or more for 5 compounds (3 PAHs, 1 solvent, and 1 flavor and fragrance). This indicates that nonpoint-source runoff and (or) wastewater leakage associated with storm events may be important sources of OWCs to the streams.
Domestic Wastewater Indicators
To identify domestic human wastewater OWC sources (for example, from leaking sanitary sewers and septic systems), a subset of 20 indicator compounds was analyzed. This group included all fire retardants and detergent metabolites, most flavors/fragrances, and triclosan (a common antimicrobial disinfectant).
Domestic wastewater indicators were detected in 100 percent of stormflow and pore-water samples, 79 percent of base-flow samples, and 89 percent of sediment samples. For base-flow and stormflow samples, the site with the highest median total concentration was KRM. Most samples showed a trend of increasing total concentrations with increasing urban area.
Did We Find Potentially Toxic Amounts of Organic Waste Compounds?
Of the 69 OWCs evaluated, 25 have known aquatic-toxicity benchmarks, and samples that exceed these benchmarks are considered potentially toxic. A benchmark indicates the value above which there is potential harm to humans or animals, but it is not a regulatory standard (U.S. Environmental Protection Agency, 2015). It is important to note that these benchmarks are based on individual compounds, rather than the complex mixtures of 20 to 40 different compounds observed in this study. Likewise, benchmarks commonly are based on exposure times of 10 days or less, whereas environmental exposure to these compounds may be measured in weeks or months. For these reasons, these single-compound benchmarks may underestimate the potential for adverse effects on aquatic organisms.
In the samples collected during this study, 13 of the 25 known benchmarks were exceeded. The compounds with the greatest benchmark exceedances were PAHs, both in terms of exceedance frequency (up to 93 percent in sediment) and magnitude (concentrations up to 1,024 times higher than the benchmark value). Other compounds with toxicity-benchmark exceedances include individual compounds from the plasticizers, fuels, antimicrobial disinfectants, and detergent metabolites categories. Benchmark exceedances for 7 of the 13 compounds in water samples and sediment samples indicate that OWCs likely enter the stream and collect in the streambed sediments. PAHs enter the environment through emissions from vehicles and power plants, tire particles, motor oil, creosotetreated lumber, roofing tar, coal-tar-based pavement sealants, and other sources. They break down slowly, accumulate in stream and lake sediments, and stay in the environment for long periods of time.
The PAHs were the most frequently detected class overall, occurring in 100 percent of stormflow, pore-water, and sediment samples, and in 80 percent of base-flow samples.
In stormflow samples, PAH concentrations were directly related to the percentage of the basin in urban land use. The median total PAH concentration from stormflow samples at the most urban site (KRM) was 83 times higher than at the least urban site (MRC)( fig. 3) .
PAH compounds were determined to be potentially toxic at 3 of 4 stormflow sites, at 4 of 9 pore-water sites, and at 7 of 9 sediment sites; but base-flow samples showed low potential for PAH toxicity. This determination indicates that PAHs are likely entering the stream through urban nonpoint runoff during storm events and accumulating in the streambed sediments.
Featured Result: Urbanization and Storm Runoff
Urbanization increases the amount of impervious surfaces like roads and rooftops, which funnel stormwater runoff into storm sewers and prevent it from infiltrating into the ground. Structures like sanitary sewers and septic systems can suffer storm-related overflows and leaks.
To investigate the relation between OWCs, flow condition, and urbanization, we compared base-flow and stormflow samples at four sites representing an increasing gradient of urban land use. The results indicate that urban runoff and other storm-related inputs are an important source of OWCs to Milwaukee area streams:
• Compared with rural sites, urban sites exhibited higher detection frequencies, concentrations, and toxicity benchmark exceedances.
• Compared to base-flow samples, concentrations in stormflow samples were as much as 10 times higher.
• Stormflow detection frequencies averaged 1.3 to 2.0 times higher than those in base-flow samples.
• Kinnickinnic River, the most urbanized site, had the highest detection rates and concentrations of all sampled sites.
Many of these conclusions can be visualized by looking at the results for the PAH base-flow and stormflow samples ( fig. 3) . 
